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(54) Filter element for air cleaner 

(57) A filter element (1) for an air cleaner including a 
filter medium which has a plurality of basic filter units (2) 
and is integrally formed of a porous sintered material 
produced by sintering powdered synthetic resin. 
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Description 

Background of the Invention 

1 . Field of ttie Invention s 

The present invention relates to a filter element to 
be incorporated into an air cleaner which filtrates or 
purifies air to be sucked into an internal combustion 
engine of an automobile. io 

2. Description of the Prior Art 

A conventional typical filter element for an air 
cleaner of an automobile Is constituted generally of a f il- is 
ter medium made of a sheet-like material, such as a fil- 
ter paper or a non-woven ^ric filtrating material, and a 
frame member made of a synthetic resin for retaining 
the filter medium. The filter medium is corrugated to 
maximize the filtration area thereof. 20 

Further, different types of filter elements have been 
provided. For example, Japanese Utility Model Publica- 
tion No. 5*25682 teaches a modified filter element 
which is known as a roll filter element. The filter element 
is formed by rolling up a sheet-like filter medium which 25 
is constituted of a flattened filter paper and a folded filter 
paper bonded to one surface of tiie fitter paper. 

However, tiie filter medium made of the filter paper 
or the non-woven fabric material tends to easily deform 
when air is sucked through the filter element. Thus, if 30 
the filter medium is closely folded to increase filtration 
area thereof, the filter medium may partially contact 
itself when the air is sucked ttirough the filter element. 
This may cause clogging of the filter medium and 
decreasing of filtration capacity of the titer medium. As 3s 
a result, each conventional filter element tiius con- 
structed can not be miniatijrized without decreasing fil- 
tration area of the filter medium. 

Additionally, the filter medium has to be folded and 
sut>sequently assemk)led to the frame member. This 40 
may lead to Increased manufacturing cost of the filter 
element- 

Summarv of the Invention 

45 

It is an object of the invention to provide a filter ele- 
ment which may be miniaturized without decreasing 
available filtration area of a fitter medium. 

It is another object of the invention to provide a fitter 
lement which can be manufactured at relatively low so 
cost. 

In order to attain the objects, the present invention 
provides a filter element for an air cleaner which 
includes a filter medium having a plurality of basic filter 
units and being integrally formed of a porous sintered ss 
material produced by sintering powdered syntiietic 
resin. 

The filter medium has extremely high flexural 
strength since it is made of tiie sintered material. Thus. 



the basic filter unit is prevented from contacting the 
adjacent basic filter unit when air is sucked through the 
filter element. This may effectively prevent reduction of 
filtration performance of the filter medium. 

The filter medium is integrally formed by molding 
the sintered material. This may eliminate the need for a 
folding process and a bonding process, tiiereby corrtrib- 
uting to reduction of the manufacturing cost of the filter 
element. ^ 

The filter medium exhibits excellent flexural 
sti^ength and setf-sustainability. Therefore, tiie filter ele- 
ment may be miniaturized without decreasing available 
filtration area of tiie filter medium. 

The filter medium may have a honeycombed struc- 
ture. Further, each of the basic filter units may be a bag- 
like member constituted of a plurality of filtration walls 
and may have a polygonal opening edge and a closed 
edge opposed to the polygonal opening edge. 

Each of the basic filter units may have a plurality of 
vertical edges each of which interconnects a point on 
the opening edge and a point on the closed edge. The 
vertical edges are defined by the filtration walls. Some 
of the vertical edges of tiie basic filter units may be 
joined with each other, and the closed edges of the 
basic filter units may be connected with each other. 

All or some of the filtration walls may be plane walls 
or skew walls. 

The filter element may include a cylindrical side wall 
surrounding the filter medium. The cylindrical side wall 
may be integral witfi tiie filter medium. 

The filter medium may have a honeycombed struc- 
ture. Furttier. each of the basic filter units may be a bot- 
tomed cylindrical member constituted of a plurality of 
filtration walls and may have a polygonal opening edge 
and a polygonal closure wail opposed to the polygonal 
opening edge. 

The filter medium may have a conjugated structure. 
Further, each of tiie basic filter units may be a gutter-like 
member constituted of a wedge-shaped filtration wall 
and a pair of side walls. 

The filter element may include a frame surrounding 
the filter medium. The frame may be integral witii the fil- 
ter medium, and may be formed of powdered synthetic 
resin different from the powdered synthetic resin for the 
f nter medium. 

The present invention will become more fully appar- 
ent from tiie claims and the description as it proceeds in 
connection with the drawings. 

Brief Desc ription of the Drawings 

FIG. 1 is a perspective view of a filter element 
according to a first embodiment of the present 
invention; 

FIG. 2 is a plan view of the essential part of a filter 
medium of the filter element: 
FIG. 3 is a sectional view taken along line Ill-Ill of 
FIG. 2; 

FIG. 4 is a bottom view of tiie essential part of the 
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filter medium of the filter element; 
FIG. 5 is a sectional view of a molding die for form- 
ing the filter element; 

FIG. 6 is a view illustrating a geometric configura- 
tion of a basic unit of the filter medium; s 
FIG. 7 is a view illustrating a geometric configura- 
tion of the basic unit of the filter medium according 
to a second embodiment of the present invention; 
FIG. 8 is a view illustrating a geometric configura- 
tion of the basic unit of the fitter medium according io 
to a third embodiment of the present Invention; 
FIG. 9 is a view illustrating a geometric configura- 
tion of the basic unit of the filter medium according 
to a fourth embodiment of the present invention; 
FIG. 10 is a perspective view of a filter element is 
according to a fifth embodiment of the present 
invention; 

FIG. 11 Is a plan view of the essential part of a filter 
medium of the f ilter element; 

FIG. 12 is a sectional viiew taken aldng~ line Xil-Xli 2o 
of FIG. 10; 

FIG. 1 3 is a bottom view of the essential part of the 
filter medium of the filter element; 
FIG. 14 is a view illustrating a geometric configura- 
tion of a basic unit of the filter medium; 25 
FIG. 15 is a view illustrating a geometric configura- 
tion of tiie basic unit of the filter medium according 
to a sixth embodiment of the present invention; 
FIG. 1 6 is a view Illustrating a geometric configura- 
tion of One basic unit of the filter medium according 30 
to a seventh embodiment of the present invention; 
FIG. 1 7 is a view illustrating arrangement of six filter 
mediums of FIG. 16; 

FIG. 18 is a perspective view of a filter element 
according to an eighth embodiment of the present 35 
invention; 

FIG. 19 is a plan view of a filter medium of the filter 
element; 

FIG. 20 is a sectional view taken along line XIX-XIX 
of FIG. 19; ^ 
FIG. 21 is a bottom view of the filter medium of the 
filter element; 

FIG. 22 is an exploded sectional view of the filter 
medium in a modified form; 

FIG. 23 is an exploded sectional view of the filter 45 

medium in another modified form; 

FIG. 24 is a perspective view of a filter element 

according to a ninth embodiment of the present 

invention; 

FIG. 25 is a sectional view of a molding die for form- so 

ing the fOter element, illustrating a condition in 

which the filter element Is molded; 

FIG. 26 is a sectional view of an air cleaner in which 

the filter element is mounted; and 

FIG. 27 is a view similar to FIG. 25. illustrating a f il- ss 

ter element according to a tenth embodiment of the 

present invention. 



Detailed Description of the Preferred Embodiments 

Preferred embodiments of the present invention will 
now be described in detail with reference to tiie draw- 
ings. 

Refening to FIGS. 1 to 6. shown therein is a first 
embodiment of the invention. 

As shown in FIG. 1 . a filter element F is mainly con- 
stituted of a filter medium 1 , and a cylindrical side wall 3 
surrounding the filter medium 1 . The filter medium 1 and 
the side wall 3 are integrally formed of a porous and 
rigid sintered material produced by sintering syntiietic 
resin powder. In general, the filter element F additionally 
includes a frame (not shown) mounted on the side wall 
3. The filter element F is incorporated into an air cleaner 
(not shown) of an automobile through the frame so as to 
filtrate or purifies air to be irrtroduced into an internal 
combustion engine. 

The filter medium 1 has a square-based honey- 
cbnUDed structure with an upper or inlet side surface 12 
and a lower or outiet side surface 13 parallel to tiie inlet 
side surface 12. The filter medium 1 is constituted of a 
plurality of basic filter units 2 each having a specific geo- 
metric configuration. 

As best shown in FIG. 6, each basic filter unit 2 is a 
bag-like member constituted of four filtration walls 7. 
and has a square inlet port 4 opening to tiie inlet side 
surface 12 and a closed linear end 8 terminating in tiie 
outlet side surface 13. The basic filter unit 2 includes an 
opened square edge 5 having four vertexes 5a. 5b, 5c 
and 5d, a closed linear edge 6 having two end points 
1 1 a and 1 1 b and a midpoint 1 1 c, a pair of vertical edges 
9a one of which interconnects the vertex 5a and the end 
point 1 la and the otiier of which interconnects tiie ver- 
tex 5c and the end point lib, and a pair of inclined ver- 
tical edges 9b one of which interconnects the vertex 5b 
and the midpoint 11c and tiie otiier of which intercon- 
nects the vertex 5d and tiie midpoint 11c. The square 
edge 5 Is coplanar with the inlet side surface 12 and 
defines tiie square inlet port 4. The linear edge 6 is con- 
tained in tiie outiet side surface 13 and defines tiie lin- 
ear closed end 8. The vertical edges 9a and tiie inclined 
vertical edges 9b cooperate witii the square edge 5 and 
tiie linear edge 6 to confine the four filtration walls 7. 

It is to be noted tiiat the linear edge 6 extends along 
a projected line of a diagonal line interconnecting tiie 
vertexes 5a and 5c. tiiat is, the end points 1 1 a and lib 
and tiie midpoint 11c correspond to projected points of 
the vertexes 5a and 5c and a center 5e of the square 
edge 5, respectively. In otiier wards, the vertical edges 
9a extend along perpendicular lines drawn from the ver- 
tex 5a and 5c to the outlet side surface 13. respectively, 
and tiie midpoint 11c is contained in a perpendicular 
line drawn from the center 5e to the outiet side surface 
13. Therefore, each filtiration wall 7 is a three-dimen- 
sional skew wall having a linear cross-sectional configu- 
ration. Additionally, the width of tiie filtration wall 7 is 
reduced toward the linear edge 6. 

In the filter medium 1 thus consti-ucted, tiie inlet 
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side surface 12 is divided by the square edges 5 into a 
square gridded pattern (FIG. 2). On the other hand, the 
outlet side surface 1 3 is also divided by the linear edges 
6 into an enlarged square gridded pattern (FIG. 4). As 
will be appreciated, the gridded pattern of the outlet side 
surface 13 is inclined at 45 degrees relative to the grid- 
ded pattern of the Inlet side surfoce 12 since each linear 
edge 6 corresponds to the diagonal line of the square 
edge 5. Additionally, the linear edges 6 cooperate to 
define a plurality of square outlet ports 1 7 (FIGS. 3 and 
4). Thus, as shown in FIG. 3. the filter medium 1 
includes a plurality of inlet channels 15 into which air to 
be filtrated is introduced through the inlet ports 4, and a 
plurality of outlet channels 1 6 from which air as filtrated 
is discharged to the outlet ports 17. Moreover, it is 
important to note that the filtration walls 7 of each basic 
filter unit 2 do not contact the filtration walls 7 off the 
adjacent basic filter unit 2 except for the square edge 5 
and the vertical edges 9a. 

As shown in FIG. 4, the filter medium 1 and the side 
wall 3 are integrally formed by utilizing an upper die 60 
and a lower die 61 which has a molding space 62 ther- 
ebetween. That is, the powdered synthetic resin, for 
example, polypropylene resin powder having particle 
diameter of from 100 to 800 micro meter, is filled in the 
molding space 62, and is then sintered at temperatures 
10 to 50°C higher than the melting point of the resin, 
thereby forming the filter medium 1 and the side wall 3. 

The sintered synthetic resin is a porous and air per- 
meable material and has high rigidity due to bonding of 
the particles of the powder. Therefore, the filter medium 
1 thus formed exhibit filtration function for purifying the 
air, and has flexural strength and self-sustainability 
which may resist filtration load applied thereto. The filter 
medium 1 has extremely high flexural strength than a 
conventional filter medium made of a filter paper. Thus, 
the filtration walls 7 of the Ijasic filter unit 2 are pre- 
vented from contacting those of the adjacent basic filter 
unit 2. This may effectively prevent reduction of filtration 
performance of the filter medium 1 . 

According to the present embodiment, the side wall 
3 exhibits also filtration function. This may lead to 
increased filtration capacity of the filter element R 

The filter medium 1 may be cleaned by water-wash- 
ing since the sintered synthetic resin exhibits excellent 
water-resistivity. This may lead to easy maintenance of 
the filter element F 

The filter medium 1 is formed by molding of the 
powdered synthetic resin. This may eliminate the need 
for a folding process and a bonding process which are 
required in the conventional filter element, thereby con- 
tributing to reduction of the manufacturing cost of the fil- 
ter element F 

The filter element F may be miniaturized without 
decreasing available filtration area of the filter medium 
1 . This is because the filter medium 1 has the honey- 
combed structure and exhibits excellent flexural 
strength and self-sustainability 

Although the basic filter units 2 are arranged in 



such a way that the linear edges 6 form the square grid- 
ded pattern on the outlet side surface 13, arrangement 
of the basic filter units 2 may be preferably modified, if 
required. 

5 Referring to FIG. 7. shown therein is a second 

embodiment of the present invention. This embodiment 
is a modification of the first embodiment. Therefore, only 
the construction which is different from that in the first 
embodiment will be explained. Further, elements which 
10 are the same as or similar to those in the first embodi- 
ment are given like reference numbers and their 
description will not be repeated. 

Each basic filter unit 2 is a bag-lihe member consti- 
tuted of eight filtration walls 7, and has a square inlet 
75 port 4 opening to an inlet side surface 12 and a dosed 
cross-shaped end 8 terminating in an outlet side surface 
13. The basic fnter unit 2 indudes an opened square 
edge 5 having four vertexes 5a, 5b. 5c and 5d and four 
midpoints 5f, 5g. 5h and 5i. a closed cross-shaped edge 
20 6 having four end points 1 8a, 18b, 18c and 18d and an 
intersection 18e, four vertical edges 19a which intercon- 
nect the midpoints 5f, 5g, 5h and Si and the end points 
18a, 18b. 18c and 18d, respectively, and four inclined 
vertical edges 19b which Interconnect the vertex 5a, 5b, 
25 5c and 5d and the intersection 18e. respectively. The 
square edge 5 is coplanar with the inlet side surface 1 2 
and defines the square inlet port 4. The cross-shaped 
edge 6 is contained in the outlet side surface 13 and 
defines the cross-shaped closed end 8. The vertical 
30 edges 19a and the inclined vertical edges 19b cooper- 
ate with the square edge 5 and the cross-shaped edge 
6 to confine the eight filtration walls 7. 

It is to be noted that the cross-shaped edge 6 
extends along projected lines of two cross lines inter- 
35 connecting the midpoints 5f, 5g. 5h and 5i, that is, the 
end points 18a. 18b, 18c and 18d and the intersection 
18e conrespond to projected points of the midpoints 5ff, 
5g. 5h and 5i and a center 5e of the square edge 5. 
respectively In other wards, the vertical edges 19a 
40 extend along a perpendicular line drawn from the mid- 
points 5f, 5g. 5h and 5i to the outlet side surface 13, 
respectively, and the Intersection 18e is contained in a 
perpendicular line drawn from the center 5e to the outlet 
side surface 13. Therefore, each filtration wall 7 is a 
45 three-dimensional skew wall having a linear cross-sec- 
tional configuration. 

Referring to FIG. 8. shown therein is a third embod- 
iment of the present invention. This embodiment is a 
modification of the first embodiment. Therefore, only the 
so construction which is different from that in the first 
embodiment will be explained. Further, elements which 
are the same as or similar to those in the first embodi- 
ment are given like reference numbers and their 
description will not be repeated. 
55 Each basic f ilter unit 2 is a bag-like member consti- 
tuted of eight filtration walls 7, and has a square inlet 
port 4 opening to an inlet side surface 12 and a dosed 
cross-shaped end 8 terminating in an outlet side surface 
13. The basic filter unit 2 indudes an opened square 
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edge 5 having four vertexes 5a, 5b, 5c and 5d and four 
midpoints 5f. 5g. 5h and Si, a closed cross-shaped edge 
6 having four end points 22a. 22b. 22c and 22d and an 
intersection 22e. four vertical edges 24a which intercon- 
nect the vertexes 5a, 5b. 5c and 5d and the end points 
22a. 22b. 22c and 22d. respectively, and four inclined 
vertical edges 24b which interconnect the midpoints 5f. 
5g. 5h and 51 and the intersection 226, respectively. The 
square edge 5 is coplanar with the inlet side surface 12 
and defines the square inlet port 4. The cross-shaped 
edge 6 is contained in the outlet side surface 13 and 
defines the cross-shaped closed end 8. The vertical 
edges 24a and the inclined vertical edges 24b cooper- 
ate with the square edge 5 and the cross-shaped edge 
6 to confine the eight filtration walls 7. 

It is to be noted that the cross-shaped edge 6 
extends along projected lines of two diagoral lines of 
the square edge 5. that is. the end points 22a. 22b, 22c 
and 22d and the intersection 22e correspond to pro- 
jected points of the vertexes 5a, 5b. 5c and 5d and a 
center 56 of the square edge 5, respectively. In other 
wards, the vertical edges 24a extend along a perpendic- 
ular line drawn from the vertexes 5a, 5b, 5c and 5d to 
the outlet side surface 13, respectively, and the inter- 
section 22e is contained in a perpendicular line drawn 
from the center 5e to the outlet side surface 13. There- 
fore, each filtration wall 7 is a three-dimensional skew 
wall having a linear cross-sectional configuration. 

Referring to FIG. 9, shown therein is a fourth 
embodiment of the present invention. This embodiment 
is a modification of the first entxxJiment. Therefore, only 
the construction which is different from that in the first 
embodiment will be explained. Further, elements which 
are the same as or similar to those in the first embodi- 
ment are given like reference numbers and their 
description will not be repeated. 

Each basic filter unit 2 is a bag-like member consti- 
tuted of a pair of filtration walls 7A and a pair of filtration 
walls 7B, and has a square inlet port 4 opening to an 
inlet side surface 12 arvJ a linear closed end 8 terminat- 
ing In an outlet side surface 13. The basic filter unit 2 
includes a square edge 5 having four vertexes 5a, 5b. 
5c and 5d, a linear edge 6 having two end points 27a 
and 27b. a pair of inclined vertical edges 28 which inter- 
connect the vertexes 5a and 5d and the end point 27a. 
and a pair of inclined vertical edges 28' which intercon- 
nect the vertexes 5b and 5c and the end point 27b. The 
square edge 5 is coplanar with the inlet side surface 1 2 
and defines the square inlet port 4. The linear edge 6 is 
contained in the outlet side surface 13 and defines the 
cross-shaped closed end 8. The adjacent inclined verti- 
cal edges 28 and 28' cooperate with the square edge 5 
and the linear edge 6 to confine the filtration walls 7A. 
The adjacent inclined vertical edges 28 cooperate with 
the square edge 5 to confine one of the filtration walls 
7B. Further, the adjacent inclined vertical edges 28' 
cooperate with the square edge 5 to confine the other of 
the filtration walls 7B. 

It is to be noted that the linear edge 6 extends along 



a projected line of a line interconnecting a midpoint 5f 
between the vertexes 5a and 5d and a midpoint 5g 
between the vertexes 5b and 5c, that is. the end points 
27a and 27b correspond to projected points of the mid- 

5 points 5f and 5g, respectively. In other wards, the end 
points 27a and 27b are contained in perpendicular lines 
drawn from the midpoints 5f and 5g to the outlet side 
surface 13. respectively Therefore, each filtration wall 
7A is an Inclined two-dimensional flat wall having a rec- 

io tangular configuration. On the other hand, each filtration 
wall 78 Is a two-dimensional flat wall having a triangular 
configuration and extending perpendicular to the outlet 
side surface 13. 

In the fourth embodiment, the outlet skJe surface 13 

75 is divided by the linear edges 6 into a striped pattern 
(FIG. 9). Additionally, the linear edges 6 cooperate to 
define a plurality of elongated outlet ports (not shown). 
As will be appreciated, the both ends of each elongated 
outlet port are defined by the peripheral edge of the skie 

£0 wall 3. Tnus, the filter medium 1 ificludes a piural'rty of 
inlet channels (not shown) into which air to be filtrated is 
introduced through the inlet ports 4, and a plurality of 
gutter-like outlet channels (not shown) from which air as 
filtrated is discharged to the outlet ports. Moreover, it is 

25 important to note that the filtration walls 7B of each 
basic filter unit 2 are common to the filtration walls 7B of 
the adjacent basic filter units 2. 

Refening to FIGS. 10 to 14. shown therein is a fifth 
embodiment of the invention. This embodiment is a 

30 modification of the first embodiment. Therefore, only the 
construction which is different from that in the first 
embodiment will be explained. Further, elements which 
are the same as or similar to those in the first embodi- 
ment are given like reference numbers and their 

35 description will not be repeated. 

As shown in FIG. 10. a filter element F is mainly 
constituted of a filter medium 1, and a side wall 3 sur- 
rounding the filter medium 1. The filter medium 1 and 
the side wall 3 are integrally formed of a porous and 

40 rigid sintered material produced by sintering of synthetic 
resin powder. 

The filter medium 1 has a hexagon-based honey- 
combed structure with an inlet side surface 12 and an 
outlet side surface 13 parallel to the inlet side surface 

45 12. The filter medium 1 is constituted of a plurality of 
basic filter units 2 each having a specific geometric con- 
figuration. 

As best shown in FIG. 14, each basic filter unit 2 is 
a bag-like member constituted of six filtration walls 7, 

so and has an opened regular hexagonal inlet port 4 open- 
ing to the inlet side surtece 12 and a closed Y-shaped 
end 8 terminating in the outlet side surfece 13. The 
basic filter unit 2 includes a regular hexagonal edge 30 
having six vertexes 30a. 30b. 30c, 30d. 30e and 30f. a 

ss closed Y-shaped edge 6 having three end points 31a. 
31b and 31c and a center 31d. three vertical edges 32a 
which interconnects the vertexes 30a. 30c and 30e and 
the end points 3 1a, 31b and 31c. respectively, and three 
inclined vertical edges 32b which interconnects the ver- 
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texes 30b, 30d and 30f and the center 31d. The regular 
hexagonal edge 30 is coplanar with the inlet side sur- 
face 12 and defines the square inlet port 4. The Y- 
shaped edge 6 is contained in the outlet side surface 13 
and defines the Y-shaped closed end 8. The vertical 
edges 32a and the inclined vertical edges 32b cooper- 
ate vwth the regular hexagonal edge 30 and the Y- 
shaped edge 6 to confine the six filtration walls 7. 

It is to be noted that the Y-shaped edge 6 extends 
along projected lines of three segment lines intercon- 
necting the vertexes 30a, 30c and 30e and a center 30g 
of the regular hexagonal edge 30. that is, the end points 
31 a, 31b and 31 c and the center 31d correspond to pro- 
jected points of the vertexes 30a. 30c and 30e and the 
center 30g off the regular hexagonal edge 30. respec- 
tively. In other wards, the three vertical edges 32a 
extends along perpendicular fines drawn from the ver- 
tex 30a. 30c and 30d to the outlet side surface 13, and 
the center 31d is contained in a perpendicular line 
drawn from the center 30g to the outlet side surface 13. 
Therefore, each filtration wall 7 is a three-dimensional 
skew wall having a linear cross-sectional configuration. 

In the filter medium 1 thus constructed, the inlet 
side surface 12 is divided by the regular hexagonal 
edges 30 into a regular hexagon-based honeycombed 
pattern (FIG. 1 1 ). On the other hand, the outlet side sur- 
face 13 is also divided by the Y-shaped edges 6 into a 
regular hexagon-based honeycombed pattern (FIG. 
1 3). As will be appreciated, the pattern of the outlet side 
surface 13 is inclined at 60 degrees relative to the pat- 
tern of the inlet side surface 12. Additionally, the Y- 
shaped edges 6 cooperate to define a plurality of regu- 
lar hexagonal outlet ports 17 (FIG. 13). Thus, as shown 
in FIG. 1 2, the filter medium 1 includes a plurality of inlet 
channels 15 into which air to be filtrated is introduced 
through the inlet ports 4. and a plurality of outlet chan- 
nels 16 from which air as filtrated is discharged to the 
outlet ports 1 7. Moreover, it is important to note that the 
filtration walls 7 of each basic filter unit 2 do not contact 
the filtration walls 7 of the adjacent b^ic fUter unit 2 
except for the regular hexagonal edge 30 and the verti- 
cal edges 32a. 

Referring to FIG. 15, shown therein is a sixth 
embodiment of the present invention. This embodiment 
is a modification of the fifth embodiment. Therefore, 
only the construction which is different from that in the 
fifth embodiment will be explained. Further, elements 
which are the same as or similar to those in the fifth 
embodiment are given like reference numbers and their 
description will not be repeated. 

Each basic filter unit 2 is a bag-like memt>er consti- 
tuted of four filtration walls 7A. two filtration walls 7B. 
and has a regular hexagonal inlet port 4 opening to the 
inlet side surface 12 and a closed linear end 8 terminat- 
ing in the outlet side surface 13. The basic filter unrt 2 
includes an opened regular hexagonal edge 30 having 
six vertexes 30a. 30b. 30c. 30d. 30e and 30f , a closed 
linear edge 6 having two end points 34a and 34b and a 
center 34c, two inclined vertical edges 35a and 35b 



which interconnects the vertexes 30a and 30b and the 
end points 34a. respectively, two inclined vertical edges 
35c and 35d which interconnects the vertexes 30d and 
30e and the end points 34b, respectively and two 
5 inclined vertical edges 35e and 35f which interconnect 
the vertexes 30c and and 30f and the center 34c, 
respectively The regular hexagonal edge 30 is coplanar 
with the inlet side surface 12 and defines the square 
Inlet port 9. The linear edge 6 is contained in the outlet 
10 side surface 1 3 and defines the linear closed end 8. The 
inclined vertical edges 35a and 35b, and 35c and 35d 
cooperate with the regular hexagonal edge 30 to con- 
fine the two filtration walls 7B. On the other hand, the 
inclined vertical edges 35b and 35e, 35c and 35e, 35d 
/5 and 35f, and 35a and 35f cooperate with the regular 
hexagonal edge 30 and the linear edge 6 to confine the 
four filtration walls 7A. 

It is to be noted that the linear edge 6 extends along 
projected line of a segment line interconnecting a mid- 
20 point 30h of the vertexes 30a and 30b and a midpoint 
30i of the vertexes 30d and 30e, that is. the end points 
34a and 34b and the center 34c con-espond to projected 
points of the midpoints 30h, 30i and the center 30g of 
the regular hexagonal edge 30. respectively In other 
25 wards, the end points 34a and 34b and the center 34c 
are contained in a perpendicular lines drawn from the 
ntidpoints 30h. 30i and the center 30 to the outlet side 
surface 13, respectively Therefore, each filtration wall 
7A is a three-dimensional skew wall having a linear 
30 aoss-sectional configuration. On the other hand, each 
filtration wall 7B is a two-dimensional flat wall having a 
triangular configuration and extending perpendicular to 
the outlet side surface 13. 

In the sixth embodiment, the outlet side surface 13 
35 is divided by the linear edges 6 into a striped pattern 
(FIG. 15). Additionally, the linear edges 6 cooperate to 
ddine a plurality of elongated outlet ports (not shown). 
As will be appreciated, the both ends of each elongated 
outlet port are defined by the peripheral edge of the side 
40 wall 3. Thus, the filter medium 1 includes a plurality of 
inlet channels (not shown) Into which air to be filtrated is 
introduced through the inlet ports 4. and a plurality of 
gutter-like outlet channels (not shown) from which air as 
filtrated is discharged to the outlet ports. Moreover, it is 
45 important to note that the filtration walls 7A of each 
basic filter unit 2 are common to the filtration walls 78 of 
the adjacent basic filter units 2. 

Referring to FIGS. 16 and 17, shown therein is a 
seventh embodiment of the present Invention. This 
so embodiment is a modification of the fifth embodiment. 
Therefore, only the construction which is different from 
that in the fifth embodiment will be explained. Further, 
elements which are the same as or similar to those in 
the fifth embodiment are given like reference numbers 
55 and their description will not be repeated. 

Each basic filter unit 2 is a bag-like member consti- 
tuted of two filtration walls 7A. four filtration walls 78, 
and has a regular hexagonal inlet port 4 opening to the 
inlet side surface 12 and a linear closed end 8 terminat- 
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ing in the outlet side surface 13. The basic filter unit 2 
includes a regular hexagonal edge 30 having six ver- 
texes 30a. 30b. 30c. 30d, 30e and 30f. a linear edge 6 
having two end points 37a and 37b. two vertical edges 
38a and 38d which interconnect the vertexes 30a and 5 
30d to the end points 37a and 37b. respectively, two 
Inclined vertical edges 38b and 38f which interconnect 
the vertexes 30b and 30f to the end point 37a. and two 
inclined vertical edges 38c and 38e which interconnect 
the vertexes 30c and 30f to the end point 37b. The reg- 10 
ular hexagonal edge 30 is coplanar with the inlet side 
surface 12 and defines the square inlet port 4. The lin- 
ear edge 6 is contained in the outlet side surface 1 3 and 
defines the linear closed end 8. The vertical edge 38a 
cooperates with the inclined vertical edges 38b and 38f 15 
and the regular hexagonal edge 30 to corrf ine the two fil- 
tration walls 7B. Similarly, the vertical edge 38d cooper- 
ates with the inclined vertical edges 38c and 38e and 
the regular hexagonal edge 30 to confine the two filtra- 
tion wails 7B On the other hand, the inclined vertical 20 
edges 38b and 38c cooperate with the regular hexago- 
nal edge 30 and the linear edge 6 to confine the filtration 
walls 7A. Similarly, the inclined vertical edges 38e and 
38f cooperate with the regular hexagonal edge 30 and 
the linear edge 6 to confine the filtration wails 7A. 25 

It is to be noted that the linear edge 6 extends along 
projected line of a diagonal line interconnecting the ver- 
texes 30a and 30d. that is, the end points 37a and 37b 
correspond to projected points of the vertexes 30a and 
30d. respectively In other wards, the end points 37a 30 
and 37b are contained in a perpendicular lines drawn 
from the vertexes 30a and 30d to the outiet side surface 
13. respectively. Therefore, each filtration wall 7A is a 
two-dimensional flat wall having a trapezoidal configura- 
tion. On the other hand, each filtration wall 7B is a two- 3S 
dimensional flat wall having a triangular configuration 
and extending perpendicular to the outlet side sur^ce 
13. 

In the seventh embodiment, the basic filter units 2 
are arranged so that the outlet side surface 1 3 is divided 40 
by the linear edges 6 into a regular hexagonal gridded 
pattern. As will be appreciated, in this arrangement, the 
filter medium 1 necessarily has a plurality of empty 
spaces. Therefore, the filter medium 1 includes a plural- 
ity of closure walls 36 to close the empty spaces. Each 45 
closure wall 36 is coplanar with the inlet side surface 12 
and is formed wrth the same materia! as thait of the filter 
medium 1. Additionally, the linear edges 6 cooperate to 
define a plurality of regular hexagonal outlet ports 17. 
Thus, the filter medium 1 includes a plurality of inlet so 
channels 15 into which air to be filtrated is introduced 
through the inlet ports 4, and a plurality of enlarged out- 
let channels 16 from which air as filtrated is discharged 
to the outlet ports. Moreover, it is important to note that 
the filtration walls 78 of each basic filter unit 2 are com- ss 
mon to the filtration walls 78 of the adjacent basic filter 
units 2. 

Referring to FIGS. 18 to 23, shown therein is an 
eighth embodiment of the invention. This embodiment is 



12 

a modification of the first embodiment. Therefore, only 
the construction which is different from that in the first 
embodiment will be explained. Further, elements which 
are the same as or similar to tiiose in the first embodi- 
ment are given like reference numbers and their 
description will not be repeated. 

As shown in FIG. 18. a filter element F is mainly 
constituted of a filter medium 1, and a side wall 3 
enclosing the filter medium 1 and having a square con- 
figuration. The filter medium 1 and the side wall 3 are 
integrally formed of a porous and rigid sintered material 
produced by sintering syntiietic resin powder. 

The filter medium 1 has a square-based honey- 
comt>ed structure with an inlet side surface 12 and an 
outlet side surface 13 parallel to tiie inlet side surfac 
12. The filter medium 1 is essentially constituted of a 
plurality of basic filter units 2 each having a square 
cylindrical configuration. Each basic filter unit 2 has a 
square cylindrical configuration and is constituted of 
four side filtration walls 42^nd a bottom filtration wail 44 
coplanar with tiie outiet side surface 13. As best shown 
in FIG. 19, tiie basic filter units 2 are regularly arranged 
so that a plurality of square through bores are alter- 
nately formed between the basic filter units 2. 

It is to be noted that the filter medium 1 includes a 
plurality of closure walls 45 to close tiie through bores. 
The closure walls 45 are formed of the same material as 
tiiat of the filter medium 1, Further, tiie closure walls 45 
are integrally formed witii the filter medium 1 and 
adapted to coplanar with tiie inlet side surface 12. Addi- 
tionally, the filter medium 1 has a plurality of square inlet 
ports 4 opening to the inlet side surface 12 and a plural- 
ity of square outiet ports 17 opening to the outiet side 
surface 1 3. Thus, tiie filter medium 1 includes a plurality 
of inlet channels 15 into which air to be filtrated is infro- 
duced tiirough tiie inlet ports 4, and a plurality of 
enlarged outiet channels 16 from which air as filtrated is 
discharged to the outlet ports 17. It should be under- 
stood ttiat the side wall 3 Is partly common to the filtra- 
tion walls 42 of the basic filter unit 2 arranged 
therealong. 

The filter medium 1 in tiie eighth embodiment may 
be preferably modified. As shown in FIG. 22, in a modi- 
fied form, each basic filter unit 2 has a bottomless 
square cylindrical configuration and is constituted of 
four side filtration walls 42. The filter medium 1 addition- 
ally includes an inlet side plate 46 having a plurality of 
inlet ports 4 and a plurality of closure walls 45. and an 
outlet side plate 47 having a plurality of bottom filtration 
walls 44 and a plurality of outiet ports 1 7. The inlet side 
plate 46 and the outlet side plate 47 are combined to the 
filter medium 1 by bonding or welding. Thus, tiie filter 
medium 1 is formed with a plurality of inlet channels 15 
into which air to be filtrated is irrtroduced through tiie 
inlet ports 4, and a plurality of enlarged outiet channels 
16 from which air as filtrated is discharged to tiie outlet 
ports 17. 

The filter medium 1 in tiie eighth embodiment may 
be further modified. As shown in FIG. 23. in a modified 
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form, each basic filter unit 2 has a bottomless square 
cylindrical configuration and is constituted of four side 
filtration walls 42. The fitter medium 1 additionally 
Includes a plurality of closure walls 45, and a plurality of 
bottom filtration walls 44, The closure walls 45 and the s 
bottom filtration walls 44 are combined to the filter 
medium 1 by bonding or welding. Thus, the filter 
medium 1 is formed with a plurality of inlet channels 15 
Into which air to be filtrated is introduced through the 
Inlet ports 4, and a plurality of enlarged outlet channels w 
16 from which air as filtrated is discharged to the outlet 
ports 17. 

It is to be noted that the filter medium 1 of eighth 
embodiment may be further modified. For example, the 
basic filter units 2 may have triangular or rectangular is 
cylindrical configuration. 

Referring to FIGS. 24 to 26, shown therein is a ninth 
embodiment of the invention. 

As best shown in FIG. 24. a filter element A is con- 
stituted of a filter medium 101 , and a rectangular frame 20 
80 to which the fitter medium 101 is integrally incorpo- 
rated. The filter medium 101 and the frame 80 are inte- 
grally formed of a porous and rigid sintered material 
produced by sintering synthetic resin powder. 

The filter medium 101 has an inlet side surface 112 2S 
and an outlet side surfece 1 13, and is constituted of a 
plurality of basic filter units 102 which are integrally con- 
nected at connecting edges 106 to fonn a corrugated 
structure. Each basic filter unit 102 is constituted of a 
wedge-shaped filtration wall 50 and a pair of end walls so 
or side walls 51 . As shown in FIG. 26, the filter medium 
101 thus constructed has a plurality of inlet channels 
115 facing the inlet side surface 112 and a plurality of 
outlet channels 116 facing the outlet side surface 1 13. 

As shown in FIG. 25. the filter medium 101 and the 35 
frame 80 are integrally formed by utilizing an upper die 
63 and a lower die 64. That is, the powdered synthetic 
resin, for example, polypropylene resin powder is filled 
in a molding space between the upper die 63 and the 
lower die 64, and then sintered at a suitable tempera- 40 
ture, thereby forming the filter element A. 

As shown in FIG. 26, the filter element A thus 
formed is incorporated into an air cleaner C having an 
upper casing 70 and a lower casing 71 , in which the 
frame 80 of the filter element A is received between a 4S 
peripheral edge 70a of the upper casing 70 and a 
peripheral edge 71a of the lower casing 71. Then, the 
frame 80 Is bonded to the peripheral edges 70a and 71 a 
. by welding or the like, thereby fixing the filter element A 
to the air cleaner C. It is preferable that the casings 70 so 
and 71 are formed of synthetic resin having properties 
identical with those of the synthetic resin for the filter 
element A. 

According to this embodiment, the frame 80 exhib- 
its filtration function. This may lead to increased filtration ss 
capacity of the filter element A. Further, the filter 
medium 1 01 is integrally formed with the frame 80. This 
may eliminate the need for a folding process of the filter 
medium 101 and a connecting process of the filter 



medium 1 01 to the frame 80. thereby reducing the man- 
ufacturing cost of the filter element A. 

Further, the filter element A is assembled by weld- 
ing the frame 80 to the peripheral edges 70a and 71a of 
the casings 70 and 71. This may eliminate the need for 
a sealing mechanism between the filter element A and 
the casings 70 and 71 of the air cleaner C. 

Further, both of the filter medium 101 and the frame 
80 are made of the sintered synthetic resin. This may 
facilitate reuse of the filter element A. 

Additionally, the filter element A may be miniatur- 
ized without decreasing available filtration area of the fil- 
ter medium 101 . This is because the filter medium 101 
exhibits excellent flexural strength and self-sustainabii- 
ity. 

Refenring to FIG. 27. shown therein is a tenth 
embodiment of the present invention. This embodiment 
is a modification of the ninth embodiment Therefore, 
only the construction which is different from that in the 
ninth embodiment will be explained. Further, elements 
which are the same as or similar to those in the ninth 
embodiment are given like reference numbers and their 
description will not be repeated. 

A filter element A Is constituted of a filter medium 
101. and a rectangular frame 80. The filter medium 101 
is formed of synthetic resin powder. Whereas, the frame 
80 is formed of synthetic resin powder which is different 
from the synthetic resin powder for the filter medium 
101. The synthetic resin powder for the frame 80 has 
softness and elasticity greater than those of the syn- 
thetic resin powder for tiie filter medium 1 01 . and exhib- 
its high affinity for the syntifietic resin powder for the filter 
medium 101. 

As shown in FIG. 27, the filter medium 101 and the 
frame 80 are Integrally formed by utilizing an upper die 
65 and a lower die 66 for forming the filter medium 101 
and an upper die 67 and a lower die 68 for forming the 
frame 80. That is. the powdered synthetic resin for the 
filter medium 101 is filled in a molding space between 
tiie upper die 65 and the lower die 66, and the pow- 
dered synthetic resin for the frame 80 Is filled in a mold- 
ing space between the upper die 67 and the lower die 
68. Then, the both of the powdered synthetic resins are 
sintered, tiiereby forming the filter element A. As will be 
easily understood, the dies 65 and 66 are heated to a 
temperature suitable for sintering the powdered syn- 
thetic resin for the filter medium 101, and the dies 67 
and 68 are heated to a temperature suitable for sinter- 
ing the powdered synthetic resin for the frame 80. 

In this embodiment, tiie filter element A tiius formed 
is incorporated into an air cleaner (not shown) having an 
upper casing and a lower casing, in which the frame 80 
is closely received between a peripheral edge of the 
upper casing and a peripheral edge of the lower casing. 
Then, the frame 80 is fixed between the peripheral 
edges of the upper and lower casings by clamping or 
the like, tiiereby mounting the filter element A to the air 
cleaner. 

According to this en^Dodiment, tiie frame 80 of tiie 
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filter element A is formed of the highly elastic material. 
This may eliminate the need for a sealing mechanism 
between the fitter element A and the casings of the air 
cleaner. 

Further, the filter medium 101 is made of the sin- s 
tered synthetic resin, and the frame 80 is made of the 
sintered synthetic resin simitar to that for the fitter 
medium 101. This may facilitate reuse of the filter ele- 
ment A. 

The preferred embodiments herein described are io 
intended to be illustrative of the invention and not to limit 
the invention to the precise form herein descrtoed. They 
are chosen and described to explain the principles of 
the invention and their application and practical use to 
enable others skilled in the art to practice the invention, is 

Claims 

1 . A fitter element for an air cleaner, comprising a filter 
medium having a plurality of basic filter units, said 20 
filter medium being integrally formed of a porous 
sintered material produced by sintering powdered 
synthetic resin. 

2. The filter element as defined in claim 1 , wherein 25 
said filter medium has a honeycombed structure, 
and wherein each of said basic filter units Is a bag- 
like member constituted of a plurality of filtration 
walls and has a polygonal opening edge and a 
closed edge opposed to said polygonal opening 30 
edge. 

3. The filter element as defined in claim 2. wherein 
each of said basic filter units has a plurality of verti- 
cal edges each of which interconnects a point on 35 
said opening edge and a point on said closed edge, 
said vertical edges being defined by said filtration 
walls. 

4. The filter element as defined in claim 3. wherein 40 
some of said vertical edges of said basic filter units 
are joined with each other. 

5. The filter element as defined in claim 3, wherein 
said closed edges of said basic filter units are con- 45 
nected with each other. 

6. The filter element as defined in claim 3, wherein all 
or some of said filtration walls comprise plane walls. 

so 

7. The filter element as defined in claim 3, wherein all 
or some of said filtration walls comprise skew walls. 

8. The filter element as defined in claim 2 further com- 
prising a cylindrical side wall surrounding said filter ss 
medium, said cylindrical side wall being integral 
with said filter medium. 

9. The filter element as defined in claim 1 , wherein 



said filter medium has a honeycombed structure, 
and wherein each of said basic filter units is a bot- 
tomed cylindrical member constituted of a plurality 
of filtration walls and has a polygonal opening edge 
and a polygonal closure wall opposed to said polyg- 
onal opening edge. 

10. The fitter element as defined in claim 1, wherein 
said filter medium has a corrugated structure, cuid 
wherein each of said t>asic filter units is a gutter-like 
member constituted of a wedge-shaped filtration 
wall and a pair of side walls. 

11. The filter element as defined in daim 10 further 
comprising a frame surrounding said filter medium, 
said frame being integral with said filter medium. 

12. The filter element as defined in claim 11, wherein 
said frame Is formed of powdered synthetic resin 
different from the powdered synthetic r^ih foi' said 
filter medium, said powdered synthetic resin for 
said frame having softness and elasticity greater 
than those of the powdered synthetic resin for said 
f ilter medium. 
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